Isolating genomic DNA from blood samples is essential when studying the associations between genetic variants and susceptibility to a given clinical condition, or its severity. This study of three extraction techniques and two types of commercially available cards involved 219 children attending our outpatient pediatric clinic for follow-up laboratory tests after they had been hospitalised. An aliquot of venous blood was drawn into plastic tubes without additives and, after several inversions, 80 JlL were put on circles of common paper cards and Whatman FTA-treated cards. Three extraction methods were compared: the Qiagen Investigator, Gensolve, and Masterpure. The best method in terms of final DNA yield was Masterpure, which led to a significantly higher yield regardless of the type of card (p<O.OOI), followed by Qiagen Investigator and Gensolve. Masterpure was also the best in terms of price, seemed to be simple and reliable, and required less hands-on time than other techniques. These conclusions support the use of Masterpure in studies that evaluate the associations between genetic variants and the severity or prevalence of infectious diseases.
Isolating genomic DNA from blood samples is essential when studying the associations between genetic variants and susceptibility to a given clinical condition, or its severity. It is therefore critical to ensure the effectiveness of methods of storage and DNA extraction, particularly in the case of whole genome single nucleotide polymorphism (SNP) association and extensive gene sequencing studies, which often require large amounts ofgenetic material (1,2).
Dried blood spot (DBS) samples have been widely used in recent years because, in comparison with traditionally collected blood samples, they have a number of advantages and seem to be significantly more cost effective. DBS do not require venipuncture or a relatively large amount of blood, but can be obtained from a capillary blood stab (i.e. a finger prick) and just a few drops ofblood. Moreover, unlike whole blood samples, which require immediate processing and freezing when stored, they can be c.o, MOLTENI ET AL. kept at room temperature for months or years, and can be easily sent by mail in the case of multicentre studies (3) (4) (5) .
Finally, neonatal DBS permit large studies representing the entire population without any kind of selection and with a substantial reduction in costs (3) (4) (5) .
DBS have the limitation that they contain only a small amount of genetic material, but this can be overcome by using whole genome amplification techniques that can amplify DNA by several orders of magnitude, and yield DNA whose quality is good enough for nearly all downstream applications (from sequencing to genotyping arrays) at a relatively low price (6) .
Before performing expensive reactions, however, it is essential to extract DNA using a method that maximises DNA yields from starting samples. The use of blood samples raises also concerns of potential infectiousness (7) , especially when studying associations between genetic variants and the severity or prevalence of infectious diseases. In addition to traditional filter cards, there are a number of treated cards containing detergents and various chemicals that lyse blood cells and microbes, and can therefore reduce the risk of infection.
The main aim of this study was to test three extraction techniques and two types of commercially available cards, in order to determine which method yields the largest amount of DNA, starting from the same input, and whether the use of different types of cards affects DNA recovery and costs.
MATERIALS AND METHODS
This study was approved by the Institutional Review Board of the Fondazione IRCCS Ca' Granda, Ospedale Maggiore Policlinico, Milan, Italy, and was carried out in the Department of Pathophysiology and Transplantation of the University of Milan. Written informed consent of a parent or legal guardian was required, and the older children were asked to give their assent.
The study involved 219 children aged 1-16 years (mean age ± standard deviation [SD], 7.4±4.4 years) attending our outpatient pediatric clinic for follow-up laboratory tests after they had been hospitalised because of acute disease (n=73 previously hospitalized for communityacquired pneumonia; n=46 previously hospitalized for bronchiolitis; n=39 previously hospitalized for urinary tract infection; n=33 previously hospitalized for sepsis; n= 18 hospitalized for gastroenteritis; n= 10 hospitalized for mastoiditis). An aliquot of collected regular venous blood was drawn into plastic tubes without additives (BD Vacutainer, Buccinasco, Italy) and, after several inversions, a laboratory pipette was used to put 80 /!L on circles of common filter card (LTA, Bussero, Italy) and FTA classic card (Whatman/GE Healthcare Europe, Freiburg, Germany), starting from the centre. DBS were stored in a clean cabinet (with no laminar flow and away from UV light) for about six months.
At the end ofthis period, 3 mm punches were obtained from the blood cards using a Harris UniCore punch (Whatman), and stored in Eppendorfpolypropylene tubes until use. In the case ofthe FTAcards, the punching avoided the outer plasmalhemoglobin ring (8) . Two punches were used for each of the three extraction techniques, which were carried out using the Qiagen QIAamp DNA Investigator kit (Qiagen, Milan, Italy), the Gensolve Whole Blood DNA kit (Genvault, Carlsbad, CA, USA), and the Masterpure DNA Purification kit (Epicentre, Madison, FL, USA). The kits were used as instructed by the manufacturer's handbook, or product bulletin for Masterpure (9), using 50 /!L final elution volume after purification. The extracted DNA was quantified using Picogreen reagent (Life Technologies, Monza, Italy) and an Infinite M200 PRO fluorimeter (Tecan Italia, Cemusco Sui Naviglio, Italy).
A fragment (295 base pairs) of the~-actin gene was amplified by means of polymerase chain reaction (PCR) using the forward primers TCACCCACACTGTGCCCATCT and the reverse primer CAGCGGAACCGCTCATTGCCA (10), AmpliTAQ with butTer II (Life Technologies, Monza, Italy) and the following cycles: 95°C for five m, followed by 40 amplification cycles of 95°C for 30 seconds, 66°C for 30 s and 72°C for 40 s, and then 72°C for 7 min, and a final 4°C cooling step. PCR products were separated on 2% agarose gel (Lonza, Milan, Italy) stained with ethidium bromide (Promega, Milan, Italy).
The cost of each method (including the tubes, tips and reagents not included in the kits) in euros per sample was also estimated.
The data are given as mean values ± SD. As DNA quantification data were not normally distributed (based on the Shapiro-Wilk statistics), comparisons were made using the Wilcoxon rank-sum test or Kruskal-Wallis test, as appropriate. All of the tests were two-sided and a p value of<0.05 was considered statistically significant. The analyses were made using Graphpad Prism 5 (Graphpad Software, La Jolla, CA, USA) statistical software. Table I shows the quantification of DNA yields Int . J. Immunopalhol. PharmacoI.
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by type of card and method of extraction. There was no significant difference in yield between the types of paper for the three methods. The best method in terms of final DNA yield was Masterpure, which led to a significantly higher yield regardless of the type of card (p<O.OO I), followed by Qiagen Investigator and Gensolve. Explorative PCR reactions, using different amounts of DNA input (Fig. I) , showed good amplificability of the extracted samples, regardless of the card or extraction technique, even with high volume inputs and low DNA concentration (17 f.1L input on 25 f.1L final PCR volume , I ng DNA template).
In the evaluation of the most economical method was the Masterpure (€2.! 0 per sample), followed by Qiagen Investigator (€8.50 per sample) and Gensolve (€12.18 per sample). The price of each LTAcard (with five areas for dispensing blood) was about EO.55, and that of each FTA card (with four areas for dispensing blood) was €8.4 .
DISCUSSION
Our findings show that Masterpure was the best of the three DNA extraction methods tested in this study in terms of total yields and costs, regardless of the type of paper, and should be recommended for studies that evaluate associations between genetics and infectious diseases.
A difference in yield between the LTA and FTA cards was only observed in the case of the Gensolve kit. This may have been due to the degree of fragmentation of the extracted DNA. FTA cards contain SDS (which helps to lyse blood cells), uric acid (to denature proteins) and Tris-EDTA (which helps to preserve nucleic acids), and it has been shown that Picogreen quantification, which is based on the selective intercalation of a fluorescent dye on double-stranded DNA, is sensitive to fragmentation as more fragmented DNA samples transmit a weaker fluorescence signal (II). The manufacturers of the Gensolve kit claim that their proprietary LiCIbased lysis procedure helps to recover more intact or less degraded genomic DNA than its competitors. If FTA cards preserve high-quality genomic DNA better than non-treated cards, this would explain the different amount of DNA obtained using FTA cards and Gensolve, and suggest that other kits (i.e., Masterpure and Investigator), due to more aggressive sample treatment, could void and render undetectable the differences between different cards. It is also possible that the lysis step ofthe Gensolve method is not strong enough to lyse all of the white blood cells in spot punches, and so the fact that the FTA cards themselves contain a lysing agent (SDS) could help in retrieving all of the DNA from the samples. This may also be true in the case ofthe in-house silicabased method because the GuSCN concentration we used is not as high as that used in other published methods, although it should have been enough to obtain complete lysis regardless of the type of card.
A final possible explanation ofthe different yields is the punching technique used for the different cards. Blood drawn on LTA paper forms a nearly uniform spot, whereas its distribution pattern on FTA paper is less homogeneous, with a dense central area and an outer plasma/hemoglobin ring (12) .
In terms of price, LTA common filter card is less expensive than FTA card and, although FTA card seems to yield more DNA in some cases, its use is only recommended in the case of direct PCR amplification after purification with the proprietary Whatman reagent as it simplifies the whole procedure, or in the case of highly infectious samples that could theoretically pose a threat for the safety of operators or shippers. Regarding the implications for clinical practice, these results appear very useful for all studies that wish to correlate genetics with susceptibility to or severity of a specific diseases. These studies are extremely useful in the field of infectious diseases because the use of DBS can also reduce concerns ofpotential infectiousness related to venous blood samples.
In conclusion, of those tested in this study, Masterpure is the best kit for extracting DNA from dried blood spots in terms of DNA recovery and price. The procedure is simple and reliable, and requires less hands-on time than columnbased techniques. Further analyses could evaluate possible differences in the quality of the extracted DNA in order to verify the possibility of using highly demanding downstream techniques such as Affymetrix genotyping arrays.
